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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multilayer ceramic 
capacitor for realizing downsizing and high-capacity by reducing 
the thickness of dielectrical layers using a relaxer and whose 
reliabiltiy will not be reduced, even if crystal grains of dielectric 
ceramics are grown adequately during firing. 
SOLUTION: A complex perovskite compound express as AB03 
containing W ions at its B site and having 0.975 or more and 
less than 1.0 for the ratio of A site ions to B site ions 
comprises constituting material for a dielectric layer. A 
multilayer ceramic capacitor has a structure alternately 
laminating dielectric layers and internal electrodes. For the 
thickness of the dielectric layer is 1 u m or more and less than 
9 u m, the average particle size of the crystal grains comprising 
the dielectric layer is equal to the thickness of the dielectric 
layer or exceed it by more than 3 U m. 
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(54) MULTILAYER CERAMIC CAPACITOR USING COMPLEX PEROVISKITE COMPOUND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multilayer ceramic capacitor for 
realizing downsizing and high-capacity by reducing the thickness of 
dielectrical layers using a relaxer and whose reliabiltiy will not be reduced, 
even if crystal grains of dielectric ceramics are grown adequately during 
firing. 

SOLUTION: A complex perovskite compound express as AB03 containing 

W ions at its B site and having 0.975 or more and less than 1.0 for the , „ ; -.., J1 , „^_^_ 

ratio of A site ions to B site ions comprises constituting material for a /^~"T"^"^T~^ 7 

dielectric layer. A multilayer ceramic capacitor has a structure alternately WMf 'y^V" *' Y^- W5*W 

laminating dielectric layers and internal electrodes. For the thickness of >:~^zz^±-fzz--~---i 
the dielectric layer is 1 jam or more and less than 9 jam, the average Tt»fei5D=L/n 
particle size of the crystal grains comprising the dielectric layer is equal 
to the thickness of the dielectric layer or exceed it by more than 3 jim. 
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damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] AB03 W ion is included to B site of the perovskite type complex compound expressed. And ratio A/B of A 
site ion and B site ion makes or more 0.975 the perovskite type complex compound it is [ perovskite type complex 
compound ] less than 1 .0 the component of a dielectric layer. In the stacked type ceramic condenser whose thickness of 
this dielectric layer it has the structure where the laminating of the internal electrode was carried out to this dielectric 
layer by turns, and is 1 micrometers or more less than 9 micrometers The stacked type ceramic condenser characterized 
by the mean particle diameter of the crystal grain child who constitutes a dielectric layer being equal to the thickness of 
a dielectric layer, or exceeding 3 micrometers. 

[Claim 2] The stacked type ceramic condenser according to claim 1 characterized by containing Pb ion 95% or more to 
A site of the aforementioned perovskite type complex compound. 

[Claim 3] The stacked type ceramic condenser according to claim 1 or 2 characterized by including at least one sort of 
Mg ion and Zn ion to B site of the aforementioned perovskite type complex compound. 
[Claim 4] Above AB03 Stacked type ceramic condenser given in the claim 1 characterized by making into the 
component of a dielectric layer what added MnO or other manganese compounds not more than lmol% as Mn ion to 
the perovskite type complex compound expressed, or any 1 term of 3. 

[Claim 5] A stacked type ceramic condenser given in the claim 1 characterized by the aforementioned internal 
electrode being a silver palladium alloy, or any 1 term of 4. 

[Claim 6] The stacked type ceramic condenser according to claim 5 to which the ratio of the silver in the 
aforementioned silver palladium alloy is characterized by being 90% or less 50% or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the stacked type ceramic condenser sintered at 
low temperature 1000 degrees C or less. Although especially the thickness [ dielectric layer ] of much more a hit is less 
than 9 micrometers, it is related with the high dielectric constant system stacked type ceramic condenser which has 
high reliability and high specific inductive capacity. 
[0002] 

[Description of the Prior Art] In a stacked type ceramic condenser, it is BaTi03. Or PbTi03 The dielectric materials 
which were made into the subject and which have a perovskite structure are used widely. Although small high 
capacity-ization of a stacked type ceramic condenser is progressing quickly in recent years, as the means, a dielectric 
layer is made thin, or it is effective to make specific inductive capacity of a dielectric high. It is effective to make 
especially a dielectric layer thin especially in order to contribute also to the miniaturization of a stacked type ceramic 
condenser. In order to make a dielectric layer thin, it is needed that the crystal grain child of the dielectric ceramic after 
sintering is precise, and particle size is fully small. 

[0003] general - BaTi03 silver since a relaxer is sintered below 1000 degrees C to the elevated temperature of 1300 
degrees C - 1400 degrees C being required for sintering of the dielectric of the base — since a rich silver palladium 
alloy can be used on an internal electrode, a merit is very high in cost Moreover, BaTi03 The dielectric of the base 
fulfills the X7R property (the capacity rate of change on the basis of 20 degrees C is less than **15% at -55 degrees C - 
125 degrees C) of JIS, and specific inductive capacity fulfills about 2000-3000 and Y5V property (capacity rate of 
change is +22% - -82% at -30 degrees C - 85 degrees C), and is 12000 to about 15000. Y5V property is filled with a 
relaxer to it, and many 20000 or more things are reported for specific inductive capacity. Therefore, for high-capacity- 
izing of a stacked type ceramic condenser, it can be said that a relaxer is desirable also from the field of specific 
inductive capacity. 

[0004] However, BaTi03 Although that in which the thickness of a dielectric layer is less than 5 micrometers when the 
dielectric materials of the base are used was also developed, when the perovskite type complex compound (a relaxer is 
called below) containing Pb is used as dielectric materials, in the stacked type ceramic condenser whose thickness of a 
dielectric layer is dozens of micrometers, a thing 3 micrometers or more also has the mean particle diameter of a 
crystal. However, only the thing to 7 micrometers is reported by the one where the thickness of a dielectric layer is 
thinner (for example, Proceedings of IEMT/IMC97 Symposium, pp378). In addition, a crystal grain child's particle 
size is about 2 micrometers also in that case. 

[0005] Generally, on the other hand, a mechanical strength falls, and it originates in reliability no longer being acquired 
as a result that the relaxer is made unsuitable for the stacked type ceramic condenser of a thin dielectric layer, although 
specific inductive capacity becomes high with remarkable grain growth at the same time ceramic powder sinters and 
makes a relaxer precise. As dealing with the evil of grain growth, in order to raise a mechanical strength, as it is in 
JP,8- 198675, A, adjusting the mean particle diameter of the ceramic after sintering so that the ratio of a maximum 
droplet size and the minimum particle size may be set to 4-6 by 2-5 micrometers is indicated. Moreover, in order to 
avoid degradation of isolation voltage to JP,5-190376,A, setting the mean particle diameter of the sintered compact of 
a relaxer to 3 micrometers or less is indicated. It is effective to carry out the ratio of the A/B site of a relaxer for 
promoting grain growth 1 .0 or more. However, reservation of reliability is difficult in this case. 
[0006] Although it is effective to carry out the ratio of the A/B site of a relaxer for on the other hand suppressing grain 
growth less than one, specific inductive capacity falls victim in many cases in that case. As the extreme case, the 
technology of applying a relaxer to a thin film capacitor is mentioned. For example, although the technology applied to 
the cell of DRAM is indicated as it is in JP,7-183165,A, in this case, particle size is about lOOnm of numbers from 
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dozens of nm, specific inductive capacity is about at most 200, and an original high dielectric constant is not obtained. 
Therefore, when a relaxer was used for a dielectric, the crystal grain child was grown up and the stacked type ceramic 
condenser with a dielectric layer thin enough was not realized so that it might become high enough about specific 
inductive capacity. 
[0007] 

[Problem(s) to be Solved by the Invention] It is effective for high specific inductive capacity to be obtained, and to 
fully grow up the crystal grain child, and to apply the relaxer in which low temperature sintering 1000 degrees C or 
less is possible to a stacked type ceramic condenser because of the formation of small high capacity of a stacked type 
ceramic condenser, and low-cost-izing. However, a relaxer has the trouble of not being suitable in the lamination of a 
dielectric from the field of reliability, when grain growth is carried out during baking. 

[0008] Then, the purpose of this invention is to offer a laminating ceramic condenser with which reliability does not 
fall even if it performs thin film-ization of a dielectric layer using a relaxer, and it attains small high capacity-ization of 
a stacked type ceramic condenser and it grows up the crystal grain child of dielectric ceramics enough during baking. 
[0009] 

[Means for Solving the Problem] In order to fill the above-mentioned purpose, at this invention, it is AB03. W ion is 
included to B site of the perovskite type complex compound expressed. And ratio A/B of A site ion and B site ion 
makes or more 0.975 the perovskite type complex compound it is [ perovskite type complex compound ] less than 1 .0 
the component of a dielectric layer. The mean particle diameter of the crystal grain child from whom it has the 
structure where the laminating of the internal electrode was carried out to this dielectric layer by turns, and the 
thickness of this dielectric layer constitutes a dielectric layer in 1 -micrometer or more stacked type ceramic condenser 
it is [ stacked type ceramic condenser ] less than 9 micrometers is equal to the thickness of a dielectric layer, or is 
characterized by exceeding 3 micrometers. 

[001 0] It is characterized by using for a stacked type ceramic condenser the thing which furthermore contains Pb ion 
95% or more to A site of the above-mentioned perovskite type complex compound, and/or the thing which contains at 
least one sort of Mg ion and Zn ion to B site. Moreover, these perovskite type complex compounds AB03 It is 
characterized by receiving and making into the component of a dielectric layer what added MnO or other manganese 
compounds not more than lmol% as Mn ion. Moreover, in these stacked type ceramic condensers, it is characterized 
by an internal electrode being a silver palladium alloy, and the ratio of the silver in this silver palladium alloy is 
characterized by being 90% or less 50% or more further again. 
[0011] 

[Embodiments of the Invention] It sets to this invention and is a relaxer 3, i.e., ABO. In ratio A/B>=1 of A site ion of 
the perovskite type complex compound expressed, and B site ion, while sintering is promoted and it can sinter at low 
temperature more, it becomes the cause as for which the second phase makes reliability bad be easy to remain to the 
grain boundary of a sintered compact. When the rate of insufficient of A site becomes large, sintering is checked and it 
becomes impossible to, employ the feature of low temperature sintering efficiently on the other hand, although the 
second phase stops being able to remain to a grain boundary easily in A/B<1 . The limitation that the influence can be 
suppressed as much as possible is 2.5% of rates of insufficient, A/B=0.975 [ i.e., ]. 

[0012] Since there is a well-known example of [ thickness / between dielectric layers ] about 2 micrometers in 7 
micrometers and the diameter of crystal grain in the stacked type ceramic condenser using the relaxer about the 
thickness of a dielectric layer, if three crystal grain children exist in a dielectric-layer monostromatic, it can be said that 
reliability is securable. Therefore, if the thickness of an effective dielectric layer is 9 micrometers or more when the 
minimum of the diameter of crystal grain is set to 3 micrometers, even if it carries out grain growth, it will be 
presumed that reliability is securable from a well-known example. 

[0013] the thickness of an effective dielectric layer is in the conventional technology in the stacked type ceramic 
condenser which is less than 9 micrometers — by 3 micrometers or less, three or more crystal grain children exist [ the 
mean particle diameter of ceramics ] per dielectric-layer monostromatic like However, since the number of the crystal 
grain children per dielectric-layer monostromatic will become less than [ it ] depending on a place if a mean particle 
diameter exceeds 3 micrometers, a crystal grain child's grain-boundary phase and the existence of the second-layer so- 
called existence have big influence on reliability. That is, the abundance ratio to B site of A site of a relaxer is limited 
to the ratio of this invention. On the other hand, if the thickness of a dielectric layer is less than 3 micrometers, even if 
a hit crystal grain child exists only in a piece, a mean particle diameter will be further set to 3 micrometers or less. Also 
in such a case, although a hit crystal grain child piece is much more desirable if it is going to enlarge specific inductive 
capacity of a dielectric as much as possible, it is required to fill the A/B site ratio of this invention too. in addition, a 
dielectric layer - since the diameter of crystal grain is further set to 1 micrometer or less by the hit crystal grain child 
piece for much more thickness to be set to 1 micrometer or less and specific inductive capacity becomes low, it cannot 
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be said that it is useful 

[0014] For the reason explained above, in the stacked type ceramic condenser of this invention, the mean particle 
diameter of the crystal grain child from whom the thickness of a dielectric layer constitutes 1 -micrometer or more less 
than 9 micrometers and a dielectric layer is equal to the thickness of a dielectric layer, or let it be the requirement for 
composition to exceed 3 micrometers. 

[001 5] AB03 in this invention Although it is desirable that Pb ion is main as for A site of the perovskite type complex 
compound expressed, the same effect is acquired even if the part is replaced with Ba, Sr, or calcium ion. However, if 
the substitution ratio exceeds 5%, sintering will be checked and the feature of low temperature sintering will become is 
hard to be acquired. Therefore, it is suitable for A site of a perovskite type complex compound to contain Pb ion 95% 
or more. Moreover, although there may be much combination in a perovskite type complex compound, it is desirable to 
include W ion in principal component composition of B site, in order to make it sinter below 1000 degrees C, and to 
include at least one sort of Mg ion and Zn ion further. Moreover, what contains Nb ion with Zn ion can be used 
similarly. AB03 being used by this invention, speaking concretely, the suitable example of a perovskite type complex 
compound expressed Pb (Znl/2Wl/2) - 03, Pb(Mgl/2Wl/2) 03, and Pb(Znl/3Nb 2/3) 03 etc. - it is . In order 
that, as for what does not contain these, sintering temperature may exceed 1000 degrees C or 1000 degrees C, although 
an effect is accepted, it is not so desirable. Moreover, although Mn is usually added by the dielectric materials for 
stacked type ceramic condensers, since sintering will be checked if the addition of Mn exceeds one-mol% as Mn, there 
is a problem. Therefore, it sets to this invention and is AB03. It is desirable to make into the component of a dielectric 
layer what added MnO or other manganese compounds not more than lmol% as Mn ion to the perovskite type 
complex compound expressed. 

[0016] Moreover, although it is most that a silver palladium alloy is used on the stacked type ceramic condenser using 
the relaxer by the internal electrode, since the melting point will become 1000 degrees C or less if the ratio of Ag in 
this alloy exceeds 90%, it is not desirable. If the ratio of Pd is made to increase, although reliability will improve on the 
other hand, since it leads also to a cost rise, as for the ratio of Pd, it is desirable that it is less than 50%. 
[0017] 

[Example] Hereafter, although the detail of this invention is explained using an example, this invention is not limited to 
these examples. 

[0018] the relaxer principal component composition used for example 1 dielectric materials - 30Pb(s)(Mgl/2Wl/2) 
O3-30Pb(nickell/3Nb 2/3) O3-40PbTiO3 ** carrying out as an accessory constituent Pb(Mnl/3Nb 2/3) 03 one 
mol of principal components - receiving « 1 ,0-mol% it added further - one mol of principal components - 
receiving - PbO 1 .0-mol% — the reduced composition was chosen Dielectric powder was compounded by the usual 
oxide method. That is, dielectric powder was obtained by grinding it for 72 hours and drying it with the 
aforementioned ball mill, again, after carrying out weighing capacity, mixing with a lead resin ball through water by 
the resin pot for 72 hours so that it may become a predetermined ratio, and carrying out temporary quenching of the 
oxide (PbO, MgO, W03, NiO, Nb 205, Ti02, MnC03) of each component at 750-800 degrees C through filtration 
and dryness. The particle size of dielectric powder has desirable 0.3 micrometers or less because of thin-layer-izing of 
a green sheet. The obtained dielectric powder was distributed in the organic solvent with the organic binder, the slurry 
was produced, and the ceramic green sheet with a thickness of 8 micrometers was produced by the doctor blade 
method on the carrier film. The silver palladium paste was printed with screen printing as an internal electrode on the 
green sheet, by exfoliating from a carrier film, the green sheet after dryness was cut in the configuration of a 
predetermined chip, after carrying out thermocompression bonding, cutting, a laminating, and, and the raw layered 
product of a stacked type ceramic condenser was obtained. The number of laminatings of the sheet with which the 
silver palladium ratio of the used internal electrode printed the internal electrode 75% palladium 25% of silver was 
made into 80 sheets. The raw layered product was calcinated at 900 degrees C - 1000 degrees C, after disassembling a 
binder at 450 degrees C - 500 degrees C. By printing a silver paste on the ends of the calcinated chip capacitor, the 
terminal electrode was formed and the stacked type ceramic condenser was produced. 

[0019] It asked for the mean particle diameter of the crystal grain child of a sintered compact by the method shown in 
drawin g 1 from the secondary electron image by the scanning electron microscope (SEM) of the fracture surface of the 
produced stacked type ceramic condenser. That is, the straight line of length L was drawn so that only a crystal grain 
child might be crossed on a photograph, and L/n when setting to n the number of crystal grain children which the 
straight line crosses was made into the mean particle diameter D. The data of the accumulation poor number of 
insulation resistance [ in / a reliability evaluation examination / the relation between a mean particle diameter, 
insulation resistance, and burning temperature d rawin g 3 , and / for the relation between a mean particle diameter, a 
dielectric breakdown voltage (average of 10P), and burning temperature / to drawing 4 ] were shown for the relation of 
the mean particle diameter of a stacked type ceramic condenser, specific inductive capacity, and burning temperature 
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which were produced in Table 1 , respectively. / drawing 2 Specific inductive capacity was calculated by calculation 
from the electrostatic capacity which impressed and measured the alternating current of 1kHz - 1 Vrms using the LCR 
meter. The formula is as follows. 
Epsilon=Cd/epsilon 0 S (n-1) 

epsilon is specific inductive capacity and epsilon 0 here. The dielectric constant in the inside of a vacuum and d show 
the number of layers [ area / effective lap / of an internal electrode ] of the dielectric with which the thickness of the 
effective layer of a dielectric and S are formed and, as for n, the internal electrode is formed. It asked for d and S by 
cross-section observation of a sample. 

[0020] Insulation resistance calculated 10VDC(s) by calculation from the leakage-current value 60 seconds after after 
impression. The dielectric breakdown voltage carried out the pressure up of the applied voltage in a second in 20v /, 
and made the voltage value when 1mA current flows to a capacitor the dielectric breakdown voltage. The reliability 
evaluation examination was investigated by measuring aging of the insulation resistance when impressing the voltage 
of rated voltage xl under the high-humidity/temperature of 85-degree-CRH[ -85 - 95%] %, when the voltage of rated 
voltage x2 was impressed at 125 degrees C. Rated voltage was set to 10V in this example. 
[0021] 
[Table 1] 
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It is 50Pb(s)(Mgl/2Wl/2) O3-20Pb(Znl/3Nb 2/3) O3-30PbTiO3 about the relaxer principal component composition 
used for example 2 dielectric materials. It carries out. as an accessory constituent - Pb(Mnl/3Nb 2/3) 03 one mol of 
principal components ~ receiving ~ 0.5-mol% - adding ~ further ~ one mol of principal components — receiving ~ 
PbO - 2.5-mol% - the reduced composition was used Dielectric powder and the stacked type ceramic condenser were 
produced according to the method shown in the example 1. The data of the accumulation poor number of insulation 
resistance [ in / a reliability evaluation examination / the relation between a mean particle diameter, insulation 
resistance, and burning temperature drawirig 6 , and / for the relation between a mean particle diameter, a dielectric 
breakdown voltage, and burning temperature / to drawing 7 ] were shown for the relation between the mean particle 
diameter of a stacked type ceramic condenser and specific inductive capacity, and burning temperature in Table 2, 
respectively. / drawing 5 The measuring method of each property followed the method shown in the example 1. 
[0022] 
[Table 2] 
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the relaxer principal component composition used for example of comparison 1 dielectric materials — 30Pb(s) 
(Mgl/2Wl/2) O3-30Pb(nickell/3Nb 2/3) O3-40PbTiO3 ** carrying out as an accessory constituent Pb 
(Mnl/3Nb 2/3) 03 one mol of principal components - receiving — 1.0-mol% — it added It differed in the example 1 
and PbO was taken as the amount of stoichiometrics to the total of B site ion. Dielectric powder and the stacked type 
ceramic condenser were produced according to the method shown in the example 1 . The data of the accumulation poor 
number of insulation resistance [ in / a reliability evaluation examination / the relation between a mean particle 
diameter and insulation resistance, and burning temperature drawing 9 5 and / for the relation between a mean particle 
diameter and a dielectric breakdown voltage, and burning temperature / to drawing 10 ] were shown for the relation 
between the mean particle diameter of a stacked type ceramic condenser and specific inductive capacity, and burning 
temperature in Table 3, respectively. / drawing 8 The measuring method of each property followed the method shown 
in the example 1 . 
[0023] 
[Table 3] 
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[0024] 

[Effect of the Invention] The effect which this invention exerts on the reliability evaluation exerted on an electrical 
property (specific inductive capacity, insulation resistance), breakdown voltage, an elevated-temperature load 
characteristic, and a moisture-proof load characteristic is clear if an example and the example of comparison are seen. 
That is, by the composition system containing W, or W and Zn, even if it uses for a dielectric the composition which 
reduced PbO, specific inductive capacity fully becomes high by baking around 900 degrees C. the inclination for 
specific inductive capacity to become large if the mean particle diameter of a crystal becomes large ~ an example and 
the example of comparison - although it sees also in any, it can be said for specific inductive capacity to exceed 15000 
that the mean particle diameter of a sintered-compact crystal needs to exceed 3 micrometers Even if a mean particle 
diameter exceeds 3 micrometers, in an example, especially the fall of insulation resistance and breakdown voltage is 
not seen. Moreover, in an elevated-temperature load test and an anti -humidity load test, most falls of the insulation 
resistance by failure are not seen. Although the defect has occurred in 880 degrees C or 860-degree-C baking, since 
burning temperature is low, this is considered because sintering is inadequate a little. 

[0025] If it calcinates until a mean particle diameter exceeds 3 micrometers in the example of comparison to it, 
although specific inductive capacity will become high, insulation resistance and breakdown voltage fall, and the 
number of accumulation with poor insulation resistance by failure increases them remarkably as burning temperature 
becomes high especially in an elevated-temperature load test and an anti-humidity load test. 

[0026] Thus, although some burning temperature becomes high also except the composition shown in the example, the 
same inclination as the result shown in the example is acquired. Moreover, although specific inductive capacity 
changes a lot by the composition ratio, it is desirable to set the mean particle diameter of a crystal to 3 micrometers or 
more too, for obtaining the specific inductive capacity of dielectric original. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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